To evaluate effects of previous forage systems on feedlot performance, yearling Hereford steers (average initial weight of 249 kg) were grazed on tall fescue (TF), smooth bromegrass-red clover (BG-RC) or orchardgrass-red clover (OG-RC) pastures before finishing. Serial slaughter was utilized during the first 2 yr of this study to determine changes in carcass characteristics throughout finishing, while steers were slaughtered at approximately 29% body fat during the third year. Steers grazing TF entered the feedlot at lighter weights and maintained lighter weights throughout finishing (P<.05) even though dry matter intakes and feed conversions were similar (P>.05) among treatments. Steers that previously grazed TF had less (P<.05) body fat, body protein, fat thickness and marbling, smaller (P<.05) ribeye areas and lower (P<.05) USDA yield and quality grades than those that grazed BG-RC and OG-RC. However, ilnear contrasts indicated that steers grazing TF were compensating in ribeye area, marbling and quality grade as days in feedlot increased. This was confirmed in the third-year study, since carcass characteristics were similar among all steers. During the third year, linear and quadratic contrasts indicated that steers that grazed TF partially compensated in body protein. As days in feedlot increased, live and hot carcass weights, body fat, fat thickness, kidney, pelvic and heart fat, marbling, and USDA yield and quality grades increased (P<.05), while ribeye area and body protein plateaued. Although carcass characteristics were similar among treatments, steers backgrounded on TF entered the feedlot at lighter weights, and partially compensated in weight after 134 d of finishing.
beef production would be through backgrounding; carrying cattle to heavier weights on forage before placement in feedlots, resulting in a shorter period of high concentrate feeding (Hodgson, 1977) .
Chemical analysis revealed that tall rescue (TF) is a high quality cool-season grass (Buckner, 1985) similar in forage quality to orchardgrass (OG) and bromegrass (BG; Johnson, 1984) . However, TF is less palatable than OG and BG (Hoover et al., 1948) . Ruminants grazing TF during mid-toqate summer often exhibit depressed rates of gain (Jacobson et al., 1970; Mort et al., 1971; Harris et al., 1974; Reid et al., 1978) . Grazing livestock that experience periods of under-nutrition often demonstrate compensatory growth after being fed a high concentrate diet (Moran and Holmes, 1978; Hedrick et al., 1982) . Compensatory growth is a period of increased growth following a period of restricted nutrition (Wilson and Osbourn, 1960) . Recently, feedlot managers have expressed concern regarding cattle displaying 1381 J. Anim. Sci. 1987 .65:1381-1391 low gains when placed in the feedlot following backgrounding of TF (Lackey, 1985) . The objective of this research was to evaluate the effect of backgrounding steers on three forage systems (TF; OG-red clover; OG-RC or BG-red clover; BG-RC) on subsequent feedlot performance, body composition and carcass characteristics.
Materials and Methods
Trial 1. For two consecutive years, 72 yearling Hereford steers (average initial weight of 238 kg) were backgrounded each year on three forage systems. The forage systems were: 1) smooth BG (Bromus inermis L.) interseeded with RC (Trifolium pratense L.); 2) OG (Dactylis glomerata L.) interseeded with RC; and 3) TF (Festuca arundinacea Schreb.) fertilized with 112 kg of N/ha. During yr 1 and 2, RC represented 53 and 35% of BG-legume mix and 54 and 26% of OG-legume mix, respectively. Fescue pastures were infected with the endophytic fungus Acremonium coenophialum at varying levels (17 to 77%). Steers grazed these forage systems from April through November during yr i and April through September during yr 2. In yr 2, the trial was shortened due to dry weather, which reduced the forage availability and quality.
Following the backgrounding period, steers were placed in the feedlot at an average initial weight of 337 kg. Due to variations in weights coming off pasture, steers were assigned to heavy (H), medium (M) and light (L) weight groups within each forage system treatment, then randomly assigned to nine pens (six steers per pen with each pen containing two H-, two M-and two L-weight steers within a forage treatment to accommodate serial slaughter; one pen per treatment was slaughtered at each slaughter date). Six steers (two H, two M and two L-weight) from each treatment were initially slaughtered. A corn silage-whole shelled corn based diet was fed in ad libitum amounts (table 1) .
Steers were taken off feed and water at least 12 h before slaughter weight and 4~ were determined. Steers were serially slaughtered at 0, 56, 84 and 112 d of grain finishing. Whole body fat and protein were determined by measuring 4~ content in the whole body counter (Clark et al., 1976 These equations were cited by Forkner (1977) . Clark et al. (1976) reported R z values of .97, .96 and .87 when using 4~ and live weight to determine fat-free body, fat-free carcass and lean carcass weight, respectively. After slaughter, carcass data were determined following a 24-h chill Analysis of variance was performed using the General Linear Model procedure (SAS, 1979) . Main effects included in the three-way factorial, fixed effects model utilizing a completely randomized design were: previous forage system, days in feedlot and year; all possible two-way and three-way interactions were also included. The least significant difference procedure (LSD) was used to test least-square means for significant treatment differences. Linear, quadratic and cubic orthogonaJ comparisons were used to test previous forage system x days in feedlot interactions. Steers were the experimental unit for body composition and carcass characteristics due to serial slaughter technique. Since steers were pen-fed, dry matter (DM) intake, feed conversion and daily gain were calculated using pen as the experimental unit. The experimental design for these variables was a randomized complete block design in which the model contained effects of year, previous forage system, days in feedlot and interaction of previous forage system and days in feedlot.
Trial 2. During the third year, Hereford steers (average initial weight of 260 kg) were backgrounded, similar to trial 1. The background period began in April and ended in September, at which time 54 steers (average weight of 345 kg) were placed in the feedlot utilizing a randomized complete block design. Steers were taken to an endpoint of approximately 29% body fat (determined by a~ technique). Due to variation in weight coming off pasture, steers were sorted into a H, M and L weight replication (REP) and placed in nine pens (six steers per pen) according to weight. There were three pens for each previous forage system (H, M and L). The H, M and L pens were slaughtered after 130, 132 and 139 d of finishing, respectively. Steers were fed the same diet as in trial 1. Steers were weighed and counted (4~ technique described in trial 1) on 0, 28, 56, 84, 112 d and at slaughter. At slaughter, carcass data were collected after a 24-h chill.
Analysis of variance was performed using the General Linear Model procedure (SAS, 1979) . Performance, weight and body composition data were analyzed as a split plot in time. Pen was the experimental unit. The main plot effects were previous forage system, REP and the interaction of REP and previous forage system; the interaction of REP and previous forage system was used as the error term to test main plot effects. The subplot effects were time, and the interactions of previous forage system x time, REP X time and within previous forage system x time. This latter term was used as the error term to test subplot effects. Significant treatment differences were tested by LSD. Linear, quadratic and cubic orthogonal comparisons were made to test subplot interactions. The model for carcass data included REP, previous forage system and the interaction of REP and previous forage system, with the interaction term used as the error term.
Results and Discussion
Trial 1. During backgrounding, steers grazing TF had lower (P<.05) daily gains than those grazing OG-RC or BG-RC for all three years (R. E. Morrow, unpublished data). No differences (P>.05) were observed in feedlot daily gain, DM intake or feed conversion among steers that previously grazed TF, OG-RC or BG-RC (table 2) . Although not significant, steers that grazed TF tended to have higher daily gains than those from OG-RC or BG-RC treatments (7.0 and 10.4% increase, respectively) and tended to have better feed conversions (4.3 and 6.7% improvement, respectively).
Carcass ribeye areas (REA) were similar (P>.05) for steers during yr 1 and 2 (table 3) . However, live (LWT) and hot carcass weights (HCWT); body protein and fat; fat thickness (FT); kidney, pelvic and heart (KPH) fat; USDA yield grade (YG); marbling and USDA quality grade (QG) were greater (P<.05) for steers in yr 1 than in yr 2. Steers in yr 1 grazed forage 47 d longer than in yr 2 due to lack of forage availability in yr 2, therefore, they entered the feedlot at heavier weights.
Differences (P<.05) were observed in LWT, HCWT, body protein, body fat, REA, KPH fat, bTaU fescue (TF), bromegrass-red clover (BG-RC), orchardgrass-red clover (OG-RC).
CStandard error of mean from analysis of variance.
~,.; 9 ,.;,.;,..; 9 ,.;,.;,.; ~" . (table 3) . Yield grades were highest (P<.05) for carcasses from steers slaughtered on d 112 of the feedlot phase. This is attributed to fat deposition increasing with days in feedlot. Carcasses from steers that had grazed TF had lower (P<.05) USDA YG than steers that grazed BG-RC and OG-RC, because these steers had less fat compared with BG-RC and OG-RC treatments.
Differences (P<.05) existed in maturity as days in feedlot increased (table 3) , and there was a year x days in feedlot interaction (P<.05) in maturity score. However, as all carcasses were of A maturity, USDA QG were not affected by these differences. Marbling score and USDA QG increased (P<.05) with days in feedlot, due to increased fat deposition. Since they had less fat content, carcasses from steers that had grazed TF had lower (P<.05) USDA QG and marbling scores than those that grazed BG-RC and OG-RC.
The influences of high energy diets on carcass data as observed in this trial are supported by previous research (Harrison et al., 1978; Hedrick et al., 1982; Cook et al., 1983) . Following 123 d in the feedlot, Hedrick et al. (1982) reported similar carcass characteristics for steers backgrounded on TF compared with steers backgrounded on TF-legumes. In our study, all carcass characteristics were similar among treatments after 84 d.
Linear contrasts revealed parallel responses (P>.05) in increased LWT and HCWT for steers grazing all previous forage systems as days in feedlot increased (table 4). This indicated that while in the feedlot, steers that had grazed TF were not compensating for lower performance during the backgrounding phase.
Low nutritional levels adversely affected later-developing tissues (Berg and Butterfield, 1976; Pomeroy, 1978) . During periods of restricted nutrient intake, protein accretion was lower than usual and fat accretion was delayed (Bergen, 1974) . In our study, steers that grazed TF compared with those grazing BG-RC and OG-RC had 23% lower body fat and 11% lower body protein directly off forage (table 4) . This initial difference in body protein between TF vs other treatments tended to decrease with days in feedlot (4.5% lower on d 112 vs 11% lower on d 0). However, linear contrasts indicated that body protein and body fat responded similarly (P> .05) among forage treatments with increasing days in feedlot.
Although the interaction was not significant, a linear contrast indicated that changes in REA among previous forage treatments were not parallel during the feedlot phase (table 5) . Initially, carcasses from steers that grazed TF had smaller REA than those that grazed OG-RC and BG-RC. On d 112, carcass REA were similar among steers that grazed all three forage systems, indicating that steers that had grazed TF compensated in REA. This was supported by linear contrast, which indicated that over time, changes in REA between steers grazing TF and BG-RC were different (P<.10). Similar results were reported by Hedrick et al. (1982) for cattle backgrounded on TF compared with TFlegumes.
Changes in KPH fat over time among steers from previous forage systems revealed different linear and quadratic contrasts (table 5). Steers that grazed BG-RC and OG-RC had different (P<.05) linear responses. Linear differences were reflected in faster rate of KPH fat deposition for OG-RC vs BG-RC treatments. Quadratic differences (P<.10) appeared to be attributed to continued deposition of KPH fat by the OG-RC treatment during d 84 to 112, while that for the TF treatment tended to plateau for this period.
Cubic contrasts revealed differences in FT and USDA YG over time among steers backgrounded on three forage systems (table 5) . Regarding FT, TF steers had a different cubic response than those grazing BG-RC (P<.05) and OG-RC (P<.10). This was attributed to the greater rates of fattening by the OG-RC and BG-RC treatments from 56 to 84 d, while the TF treatment deposited more fat from 84 to 112 d. This delay in fattening by the TF treatment was attributed to steers backgrounded on TF compensating in muscle tissue during the first 84 d as reflected by compensation in REA. Steers that had grazed BG-RC had different cubic responses in USDA YG compared with OG-RC (P<.05) and TF (P<.10) treatments. aTall fescue (TF), bromegrass-red clover (BG-RC) and orchardgrass-red clover (OG-RC).
bcommon standard error of mean from analysis of variance.
CLinear (L), quadratic (Q) and cubic (C) contrasts among previous forage systems as days in feedlot increased having at least one letter in common are similar (P>.10). dMaturity score of 1 = A-and 3 = A+. eMarbling score of 2 to 4 = practically devoid, 5 to 7 = traces, 8 to 10 = slight, 11 to 13 = small. fQuality grade score of 10 to 12 = Standard, 13 to 15 = Good, 16 to 18 = Choice.
Linear contrasts indicated that steers on TF had different (P<.05) responses in marbling scores and USDA QG than the other treatments with increased days in feedlot (table 5) . Initially, carcasses of steers that previously had grazed TF had lower USDA QG and marbling scores, but by d 84 of the feedlot phase, these were similar to those for steers that grazed BG-RC and OG-RC. This indicated that steers that previously grazed TF were compensating in intramuscular fat.
Trial 2. Although the TF treatment had lower (P<.05) daily gains on pasture (R. E. Morrow, unpublished data), no differences (P>.05) were observed in daily gain, DM intake or feed conversion among treatments while in the feedlot (table 6) . When placed on a metabolic basis, however, DM intake was greater (P<.05) for TF steers compared with other treatments. Live weight, body fat and protein were lowest (P<.05) for steers that grazed TF, intermediate for OG-RC and highest for steers that grazed BG-RC (table 6) .
Least-squares means for daily gain and DM intake increased and feed conversion improved aTall fescue (TF), bromegrass-red clover (BG-RC) and orchardgrass-red clover (OG-RC). bstandard error of mean from analysis of variance.
c'd'e'f'g'hMeans bearing different letters in superscripts within previous forage system and days in feedlot in the same column differ (P<.05).
2 (84 vs 112 d) may be attributed to the heavier weights of cattle for yr 1.
Quadratic comparisons indicated that steers which previously grazed TF and BG-RC responded differently (P<.05) in daily gain (table  7) . Steers in the TF groups had lower initial daily gains, but had faster daily gains from 56 to 84 d in the feedlot. These lower initial gains could possibly be due to residual effects from grazing TF infected with endophyte. Current data indicate that cattle backgrounded on tall fescue infected with high levels of endophyte do not fully compensate in live weight while in the feedlot (J. E. Williams, unpublished data) because of lower initial gains during the first 56 d in the feedlot. From period 1 (d 0 to 28) to period 3 (d 56 to 84) in the feedlot, daily gain increased 298% for steers previously grazing TF compared with 110% for the BG-RC treatment, and from period 3 (d 56 to 84) to period 5 (d 112 to 134) daily gain decreased 51% for TF steers compared with 24% for steers grazing BG-RC.
Linear and cubic comparisons indicated that steers that grazed TF and OG-RC responded differently (P<.05) in DM intake and DM intake /(BW "Ts) with days in feedlot (table 7). Steers that had grazed BG-RC had different responses in feed conversion than steers that grazed TF and OG-RC for linear (P<.05) and quadratic (P<.05) contrasts. These different responses may be attributed to higher daily gains and more efficient feed utilization for the BG-RC treatment as compared with the other treatments during the first 56 d in the feedlot.
Steers that previously grazed TF had a different response regarding body protein compared with BG-RC treatment for both linear and cubic contrasts (P<.05) and with OG-RC for linear contrasts as days in feedlot increased (table 7) . Initially, steers grazing TF had lower body protein than steers that grazed OG-RC (4.0% lower) and BG-RC (6.6% lower), with this difference decreasing as days in feedlot increased. The differences in body protein response among treatments in trial 2 Hedrick et al. (1982) reported similar carcass characteristics for steers backgrounded on TF compared with steers backgrounded on TF-legumes. Cook et al. (1983) observed similar results for steers grazing forage sorghum vs native range followed by 97 d of grain finishing, and also found that heavier weights were maintained throughout finishing for steers entering the feedlot at heavier weights.
In many instances, it takes carte, previously restricted in weight gain, a longer period of time to reach a similar slaughter weight compared with carte not restricted in gain (Winchester and Howe, 1955; Bond et al., 1972; Tudor and O'Rourke, 1980) . In conclusion, steers that previously grazed TF entered the feedlot with lower live weights and maintained lower live weights to slaughter. However, these live weights were maintained on similar amounts of feed and similar feed conversions compared with BG-RC and OG-RC treatments. In trial 1, compensation in carcass characteristics occurred for steers that grazed TF. In trial 2, after finishing on a high concentrate diet for 134 d, carcass characteristics were similar among treatments regardless of previous backgrounding system. After being fed a high concentrate diet, steers that had grazed TF before the feedlot phase as compared with those grazing other forage systems maintained lower carcass weight but fully compensated in other carcass characteristics.
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